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TITLE: SYSTEM FOR GENEBAT IN G ELECTRIC^ ENERGY AND HEAT 

The invention relates to a system provided with a fuel 
processor for generating hydrogen from a hydrocarbon compound 
5 and a combustion path, along which the generated hydrogen is 
passed for combustion, and in which combustion path at least one 
fuel cell is included for at least generating electric energy 
and optionally heat through combustion of the hydrogen generated 
by the fuel processor. 
10 Such systems are known per se. In these known systems the 

energy production of the fuel cell is integrated, by means of 
heat exchange, with the energy requirement of the fuel 
processor, in particular for generating steam, but also for the 
O supply of energy for H2 production via the endothermic steam 

J^IS reforming reaction. Such a system is not suitable for providing, 
yi for instance, a building or house with a strongly varying amount 
z,^ of electric energy. , Also, the system is not suitable for 

J™ starting up autonomously . The fact is that, in full operation, 

both the fuel cell and the fuel processor must be provided with 
□■20 heat. Methods have already been described for the startup of the 
fuel cell with heat generated by a stationarily operating fuel 
processor. The problem with this method still is, however, that 
the fuel processor must be started up while heat is supplied. 

The present invention has for its object to provide one 
25 system for both the integration of the energy product of the 
fuel cell with the energy requirement of the fuel processor and 
for the simultaneous startup of the fuel cell and the fuel 
processor. Also, the system should be able to satisfy a variable 
energy requirement . 
30 To this end, the system according to the invention is 

characterized in that the system is further provided with a 
first heat exchanger and a second heat exchanger which, on the 
one hand, are series included in the combustion path downstream 
of the fuel cell, a first heating circuit in which the fuel cell 
35 is included, and a second heating circuit in which the fuel 
processor is included, which first heat exchanger, on the other 
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hand, is included in the first heating circuit for exchanging 
heat between the combustion path and the first heating circuit, 
and which second heat exchanger, on the other hand, is included 
in the second heating circuit for exchanging heat between the 
5 combustion path and the second heating circuit . 

Because of the first and the second heating circuit, when 
starting up respectively the fuel cell and the fuel processor 
can be provided with heat. In operation, the first heating 
circuit can even be used to discharge an excess of energy 
10 generated by the fuel cell for other purposes, as will be 
further explained below. 

In particular, it holds that the system is further provided 
with a waste gas burner included in the combustion path between 
the fuel cell and the second heat exchanger. By means of the 
15 waste gas burner the hydrogen not yet completely burned by the 
fuel cell can still be, at least almost, completely burned. 
1^ More in particular, it holds that the system is further 

4^ provided with a burner included in the combustion path between 

~z the first and the second heat exchanger, which has the function 

C3 20 of after burner or boiler burner. 

According to the invention the burner can be utilized as 
afterburner for hydrogen which even the waste gas burner has not 
yet completely burned. 

In particular, it holds that the waste gas burner is 
25 further provided with at least one first inlet included in the 
combustion path and a second inlet for supplying air. More in 
particular, it holds in this connection that the system is 
arranged such that waste gas air originating from the fuel cell 
or air from elsewhere can be supplied to the waste gas burner. 
30 The fuel cell is provided with a first inlet connected with the 
fuel processor for supplying hydrogen to the fuel cell, a second 
inlet for supplying air to the fuel cell, a first outlet for 
discharging waste gas from an anode of the fuel cell and a 
second outlet for discharging waste gas air from a cathode of 
35 the fuel cell. 
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In this connection, it preferably holds that the first 
outlet of the fuel cell is connected with the first inlet of the 
waste gas burner included in the combustion path. The second 
outlet of the fuel cell may then be connected with the burner 
5 for supplying waste gas air from the fuel cell to the burner. 
Preferably, it holds that via a control valve the second outlet 
is also connected with the second outlet of the waste gas burner 
to supply waste gas air to the waste gas burner. It is also 
possible, however, to use a separate air supply. 
10 According to an advanced embodiment of the system it holds 

that the system is further provided with a controllable first 

a 

yi bypass connection for bridging the first inlet and the first 
^'f outlet of the fuel cell when starting up the system. In this 

p connection, it preferably holds that the system is further 

£^15 provided with a second bypass connection for bridging the second 
01 inlet and the second outlet of the fuel cell when starting up. 

According to a very suitable use of the system according to 
=j~ the invention it holds that the system is further provided with 

a central heating circuit and a third heat exchanger for 
£3 20 exchanging heat between the first heating circuit and the 
central heating circuit. The central heating circuit can be 
provided with a heat exchanger included in the combustion path 
downstream of the first heat exchanger and capable of 
functioning as boiler system in combination with the 
25 afterburner. In particular, it holds that the first heating 
circuit is designed as a reversible heating circuit in which a 
heat transport medium can be selectively pumped round in two 
directions. The first heating circuit has a double function.- 
When starting up, the fluid flows in the heating circuit of the 
30 first heat exchanger to the fuel cell, from the fuel cell to the 
third heat exchanger, and from the third heat exchanger to the 
first heat exchanger. The burner can be in operation and burns 
on waste gas from the waste gas burner and air via the second 
bypass of the fuel cell. The combustion gases heat the fuel 
35 cell. 
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During stationary operation the burner is basically 
inoperative. The fluid in the first combustion circuit flows in 
a direction opposite to the direction when starting up. This 
involves that the heat of the fuel cell is discharged to the 
5 third heat exchanger forming part of the central heating. When 
the residual heat to this heat exchanger in the fluid is too 
high to sufficiently cool the fuel cell, the heat can be removed 
from the first heating circuit by means of a heat destroyer 
included in this heating circuit, such as a fin. If, however, 
10 the fuel cell does not generate sufficient heat for the central 
heating system, the burner can be used as boiler burner. To this 
y3 end, the burner is provided with an additional connection to 
^= which, for instance, natural gas can be supplied- Combustion 

□ heat is then supplied via the first heating circuit and via the 

flue gases from the burner to the central heating circuit. 
01 In principle, it holds for the system that the electricity 

fj demand is leading. The residual energy demand is covered by 

4^ operating the burner as boiler burner. 

3 The invention will now be explained in more detail with 

^3 20 reference to the drawing in which: 

Fig. 1 is a schematic diagram of a possible embodiment of 
the system according to the invention. 

In Fig. 1 reference numeral 1 denotes a system according to 
the invention. The system is provided with a fuel processor 2 
25 for generating hydrogen from a hydrocarbon compound or a mixture 
of hydrocarbon compounds. To this end, the fuel processor is 
provided with a first inlet 4 for supplying air and a second 
inlet 6 for supplying the gaseous hydrocarbon compound or the 
mixture of hydrocarbon compounds, in this example natural gas. 
30 The system is further provided with a combustion path along 
which the hydrogen generated by the fuel processor 2 is passed 
for combustion. In the figure this combustion path is denoted by 
the dotted line 8 . 

Included in the combustion path 8 is a fuel cell 10 of a 
35 known per se type for at least generating electric energy E and 
optionally heat Q through combustion of the hydrogen generated 
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by the fuel processor 2. In this example the fuel cell is 
provided with a first inlet 12 which is connected with an outlet 
of the fuel processor 2 for supplying hydrogen to the fuel cell. 
Furthermore, the fuel cell is provided with a second inlet 14 
5 for supplying air to the fuel cell. The fuel cell is further 
provided with a first outlet 16 for discharging waste gas from 
an anode 18 of the fuel cell and a second outlet 20 for 
discharging waste gas air from a cathode 22 of the fuel cell. 

The system is further provided with a first heat exchanger 
10 24 and a second heat exchanger 26 which, on the one hand, are 
series included in the combustion path 8 downstream of the fuel 
yj cell 10. The system further comprises a first heating circuit 28 

?J in which the fuel cell is included and a second heating circuit 

C3 30 in which the fuel processor is included. The first heat 

^ 15 exchanger, on the other hand, is included in the first heating 
01 circuit 28 for exchanging heat between the combustion path 8 and 

the first heating circuit. The second heat exchanger 26 is, on 
45 the other hand, included in the second heating circuit 30 for 

/fi exchanging heat between the combustion path 8 and the second 

20 heating circuit 30. 

The system is further provided with a known per se 
catalytic waste gas burner 32 included in the combustion path 
between the fuel cell 10 and the second heat exchanger 26. 
Included between the first heat exchanger 24 and the second heat 
25 exchanger 26 in the combustion path 8 is a burner 34 which may 
have the function of afterburner or boiler burner. This involves 
that the fuel cell 10, the waste gas burner 32, the second heat 
exchanger 26, the burner 34, and the first heat exchanger 24 are 
series included in the combustion path 8. The burner 34 is 
30 further provided with a separate inlet 36 for supplying a gas, 
such as natural gas. The waste gas burner 32 is further provided 
with at least one first inlet 38 included in the combustion path 
8 and a second inlet 40 for supplying air. In this example the 
second outlet 20 of the fuel cell 10 is connected with the 
35 second inlet 40 of the waste gas burner. It is also possible, 
however, that the waste gas burner is provided with a separate 
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inlet 40' for supplying air to the waste gas burner. The system 
is therefore arranged such that waste gas air originating from 
the fuel cell or air from elsewhere can be supplied to the waste 
gas burner via respectively the inlet 40 and 40'. 
5 The first outlet 16 of the fuel cell 10 is connected with 

the first inlet 38 of the waste gas burner 32 included in the 
combustion path 8. The second outlet 20 of the fuel cell is 
connected with the burner 34 for supplying waste gas air from 
the fuel cell 10 to the burner 34. In this example it holds that 
10 the second outlet 20 of the fuel cell, via a control valve 42, 
is also connected with the second inlet 40 of the waste gas 
burner for supplying waste gas air or air to the waste gas 
burner 32. 

The system is further provided with a controllable first 
15 bypass connection 44 for bridging the first inlet 12 and the 
01 first outlet 16 of the fuel cell 10 when starting up the system. 

Also, the system is provided with a second bypass connection 4 6 
4- for bridging the second inlet 14 and the second outlet 20 of the 

fuel cell 10 when starting up. In this example the system 
£3 20 further comprises a central heating circuit 48 and a third heat 
exchanger 50 for exchanging heat between the first heating 
circuit 28 and the central heating circuit 48. The central 
heating circuit 48 is provided with a heat exchanger 52 included 
in the combustion path 8 downstream of the first heat exchanger 
25 24- Thus, waste gas flown through the first heat exchanger is 
supplied to the heat exchanger 52. Besides the third heat 
exchanger 50 and the heat exchanger 52 a central heating 54 is 
also included in the central heating circuit 48. 

In this example the first heating circuit is designed as a 
30 reversible circuit in which a heat transport medium can be 
selectively pumped round in two directions. The system is 
further provided with a heat destroyer 56 in the form of, for 
instance, a fin included in the first heating circuit 28 between 
the fuel cell 10 and the third heat exchanger 50 for discharging 
35 an adjustable amount of heat from the first heating circuit 28. 
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In this example the fuel processor 2 is provided with 
humidifying means 58 for humidifying a mixture of natural gas 
and air, which natural gas and air is supplied to the fuel 
processor via the first inlet 4 and the second inlet 6. To this 
5 end, the humidifying means 58 are provided in this example with 
a reservoir with water, which reservoir is included in the 
second heat exchanger 30 for heating the water and for thus 
adding water vapor to the above mixture. The arrangement is 
further provided with control valves 60, 62 for adjustably 
10 distributing the hydrogen generated by the fuel processor 2 to 
the first inlet 12 of the fuel cell 10 and the bypass 44. 

U 

yj Furthermore, the arrangement is provided with valves 64, 66 for 

adjustably distributing air drawn in by means of a ventilator 68 

0 via the second inlet 14 of the fuel cell 10 and the second 
U 15 bypass 48. By means of valves 70, 72 the medium flowing through 

01 the heating circuit 28 can be passed through the heat destroyer 
56 completely or partly, as desired. 

J= The system as described before operates as follows. 

7^- When starting up, the fuel processor is not yet heated and 

§3 20 will therefore not yet be able to generate gas rich in hydrogen. 

In a first step natural gas is passed to the fuel processor, 
mixed with deficient combustion air. In the processor this 
mixture is burned to form CO and H2. The combustion can take 
place thermally or catalytically , by means of respectively an 
25 electric ignition or an electric heating for starting up the 
catalyst. When starting up, the valves 60, 62 are arranged such 
that the mixture of CO, H2 and unburned natural gas leaving the 
fuel processor 2 is passed via the bypass 44 to the inlet 38 of 
the waste gas burner 32. Also, the valves 64, 66 are operated 
30 such that air drawn in by means of the ventilator 68 is supplied 
via bypass 46 and the control valve 42 to the burner 34. 
Moreover, via the control valve 42 a part of the above air can 
be supplied to the inlet 40 of the waste gas burner 32. When 
starting up. the waste gas burner 32 is heated by means of a 
35 heating unit 74 of the waste gas burner. The heating unit 74 
can, for instance, be designed as an electric heating. The 
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result is that the gas mixture from the fuel processor 2 will 
burn with the air in the waste gas burner 32. As a result, the 
temperature of the waste gas burner will rise further. The 
resulting waste gas from the waste gas burner 32 is supplied via 
5 the second heat exchanger 26 to the burner 34. As discussed, air 
is supplied to the burner 34 as well. Unburned components still 
present in the waste gas are burned in the burner 34, after 
which the waste gas thus generated is supplied to the first heat 
exchanger 24 . 

10 When starting up, a heat transport medium from the second 

heating circuit is pumped round by means of a pump 7 6 such that 
^^3 this medium flows from the second heat exchanger 26 to the 

humidifying means 58 of the fuel processor. The result is that 
p water vapor is added to the mixture of. air and natural gas which 

O 15 is supplied to the fuel processor via the first inlet 4 and the 
second inlet 6- As a result, the fuel processor will begin to 
□ generate gas rich in hydrogen. The complete startup of this H2 

3^ production can take up to a few hours. During this period a heat 

y3 transport medium is pumped round by means of a pump 7 8 included 

^1 20 in the heating circuit, in such a manner that this heat 
transport medium flows from the first heat exchanger 24 to the 
fuel ceil 10, from the fuel cell 10 to the third heat exchanger 
50, and from the third heat exchanger 50 back to the first heat 
exchanger 24.' The result is that the fuel cell 10 is heated as 
25 well. 

When the fuel cell 10 is heated, while, moreover, the fuel 
processor generates gas rich in hydrogen, the valves 60 and 62 
are operated such that the hydrogen generated by the fuel 
processor 2 is supplied to the first inlet 12 of the fuel cell. 

30 The first bypass 44 is made inoperative. Also, the air drawn in 
by means of the ventilator 68 is passed to the second inlet 14 
of the fuel cell. This means that the second bypass 46 is also 
made inoperative. Moreover, the burner 34 becomes inoperative. 
Besides, the pump 78 is controlled such that it begins to pump 

35 round the heat transport medium in an opposite direction, i.e. 
from the fuel cell 10 to the first heat exchanger 24, from the 
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first heat exchanger 24 to the third heat exchanger 50, and from 
the third heat exchanger 50 back to the fuel cell 10. 

In this situation the hydrogen gas supplied to the fuel 
cell 10 will burn, at least partly. As a result, the fuel cell 
5 10 will generate electric power E offered for, for instance, the 
use of electricity in a house. The waste gas is supplied via the 
outlet 16 of the anode 18 to the inlet 38 of the waste gas 
burner. Simultaneously, a part of the waste gas air is supplied 
from the outlet 20 of the cathode via the control valve 42 to 
10 the inlet 40 of the waste gas burner. The control valve is 
adjusted such that the remaining part of the waste gas air 
uj continues to flow from the outlet 20 of the cathode through the 

2i burner 34, also after it has been extinguished. In the waste gas 

p. burner the waste gas originating from the fuel cell 10, as far 

L=| 15 as the hydrogen had not yet been completely burned herein, is 
01 burned further. The waste gas thereby produced in the waste gas 

burner 32 then flows through the second heat exchanger 26, the 
5^ burner 34 which is extinguished, and the first heat exchanger 

24, The second heat exchanger 26 ensures that heat is 
O 20 continuously supplied to the humidifying means 58. The first 
heat exchanger 24 now has the function to ensure that the fuel 
cell 10 is cooled. Heat is supplied via the second heat 
exchanger 26 to the third heat exchanger 50. The third heat 
exchanger 50 thereby transmits heat to the central heating 
25 circuit 48. Furthermore, the waste gas flown through the first 
heat exchanger 24 is supplied to the heat exchanger 52. The 
medium flowing through the central heating circuit 48 then 
transmits its heat to the central heating 54 which, in a house, 
may comprise known per se radiators. The heat exchanger 52 is 
30 provided in this example with a temperature sensor 80 for 
measuring the temperature of the medium flowing through the 
central heating circuit 48. When it appears that the temperature 
is not high enough to comply with the amount of heat demanded by 
the central heating 54, the burner 34 can be activated so that 
35 it begins to function as boiler burner. A valve 79 is opened for 
this purpose- To this end, natural gas is supplied via the inlet 
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36 to the burner 34. This has the result that the waste gas from 
the waste gas burner 32 flowing through the burner 34 will be 
heated further. This heated waste gas, mixed with flue gas from 
the burner 34, flows through the first heat exchanger and can 
5 thus transmit a part of the heat content to the heating circuit 
28 which, in turn, transmits heat to the central heating circuit 
via the third heat exchanger 50. The mixture of flue gas and 
waste gas flows after the first heat exchanger 24 via the 
combustion path 8 to the heat exchanger 52 where the gas 
10 transmits a next part of the heat content to the central heating 
circuit. The burner 34 and the heat exchanger 52 thus begin to 
yj. function as boiler. 

The use of a catalytic waste gas burner has the further 
□ advantage that peak loads can be properly taken up. 

15 When, for instance, the electricity demand is low and from 

01 the fuel cell only a minor amount of residual hydrogen flows via 

the outlet 16 to the inlet 38 of the waste gas burners, the 
4= waste gas burner is yet capable of properly burn this. When, 

J^f however, the electricity demand is high and relatively much 

O 20 residual hydrogen is released by the fuel cell, the waste gas 
burner can also properly function. When the composition of the 
waste gas supplied via bypass 44 from the fuel processor 2 to 
the inlet 38 of the waste gas burner strongly varies when 
starting up, through the transition of waste gas with relatively 
25 much unburned natural gas to a mixture rich in hydrogen, the 
waste gas burner is yet capable of properly burning this varying 
mixture - 

It is also possible that the waste gas burner is provided 
with air via a separate inlet 40*. In that case the control 
30 valve 42 can be omitted. The second outlet 20 is then only 
connected with the afterburner 34. 

The system is further provided with a control device 82 for 
controlling the valves 42, 60, 62, 64, 66, 70 and 72, as 
discussed before. Also, the control device 82 controls the 
35 ventilators 68 and 84, the pump 76, the pump 78, the boiler 52, 
and the central heating 54 as discussed before. The control unit 
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82 is also connected with the temperature sensor 80 for 
determining whether it is necessary to operate the burner 34 as 
boiler burner, as discussed before. The control unit 82 
correspondingly controls the burner 34 and the valve 79 for, the 
supply of natural gas to the inlet 36 of the burner, as 
discussed before. 

The invention is in no way limited to the embodiments 
described before. Thus it is possible that the burner 34 is 
provided with a separate inlet for the supply of air. It is 
therefore not necessary that the burner is provided with air 
originating from the ventilator 68 and supplied or not supplied 
via the fuel cell 10 and/or the bypass 56 to the burner. In that 
case the bypass 56 can be omitted- Such variants are each deemed 
to fall within the scope of the invention. 



